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How does the ventral striatum (VS) prioritize and process afferent input? In this issue, Calhoon and O’Donnell
(2013) demonstrate that cortical projections to the VS can attenuate hippocampal and thalamic VS input,
suggesting that the cortex can uniquely control VS circuit dynamics.The VS is thought to integrate incoming
information to initiate motivated behav-
ioral output (Mogenson et al., 1980). This
complex process likely requires VS me-
dium spiny projection neurons (MSNs)
to differentially process incoming cortical
and subcortical input. VS MSNs receive
diverse excitatory input predominantly
from the thalamus, hippocampus, baso-
lateral amygdala, and prefrontal cortex
(Britt et al., 2012; French and Totterdell,
2002), as well as rich dopaminergic input
from the ventral midbrain (Swanson,
1982). While competing excitatory inputs
may summate or differentially engage
striatal projection neurons, it remains
unclear how activation of particular VS
afferents influence MSN responses to
alternative streams of information con-
veyed via distinct excitatory synaptic
inputs. The complexity of this is further
compounded, as directly investigating
hetereosynaptic synergism and/or com-
petition should optimally be performed in
the intact brain where all of the functional
connectivity is preserved.
To tackle this, Calhoon and O’Donnell
(2013) performed sharp electrode record-
ings from VS MSNs in anesthetized rats
while examining how electrical stimulation
of the prefrontal cortex (PFC) altered
MSN responses to electrical stimulation
of either hippocampal input via the
fimbria-fornix or thalamic input. Strong
burst-like stimulation of the PFC, compa-
rable to the firing patterns observed in
some PFC neurons during behavioral
tasks (Peters et al., 2005), produced
subthreshold depolarization in VS MSNs
but rarely led to robust spiking. Surpris-
ingly, when either fornix or thalamic stim-
ulation was delivered immediately after6 Neuron 78, April 10, 2013 ª2013 Elsevier InPFC stimulation, instead of an expected
summation of excitatory responses that
produced even more robust MSN activa-
tion, the responses induced by thalamic
and hippocampal inputs were attenuated,
suggesting that heterosynaptic com-
petition may exist between VS excitatory
synaptic inputs, analogous to phenomena
seen in other brain regions (Fuentealba
et al., 2004). Importantly, direct depolari-
zation comparable in amplitude and
duration to those induced by PFC stimu-
lation did not attenuate hippocampal or
thalamic MSN responses, suggesting
that it is not depolarization per se that
can account for PFC-induced suppres-
sion of competing inputs.
While a number of potential candidate
cellular and circuit mechanisms exist
that could account for an attenuation of
hippocampal and thalamic input by PFC
activation, one interesting possibility is
that PFC innervation also activates inhi-
bitory neurons within the VS, such as
fast-spiking interneurons (FSIs). FSIs
make up <1% of the neuronal com-
position of the VS (Luk and Sadikot,
2001) but have potent inhibitory network
effects. In addition, VS FSIs show entrain-
ment with cortical oscillations (Berke,
2009; Gruber et al., 2009a), suggesting
direct or indirect functional connectivity
between VS FSIs and PFC activity. To
examine whether inhibitory processes,
such as the activity of VS FSIs may
regulate heterosynaptic suppression of
hippocampal inputs by PFC stimulation,
Calhoon and O’Donnell (2013) introduced
open channel GABAA blockers intra-
cellularly via sharp electrodes in some
experiments. Blockade of GABAA recep-
tors in VS MSNs produced greater excita-c.tion, including the induction of action
potentials in response to PFC stimulation
as well as reduced heterosynaptic sup-
pression, suggesting that these pro-
cesses were at least partially mediated
by GABAA signaling onto MSNs.
The activity of VS MSNs are often
entrained to hippocampal activity (Berke
et al., 2004), but coordinated activity
between the VS and hippocampus is
suppressed by PFC stimulation (Gruber
et al., 2009b). The experiments in the
present study suggest that this could be
mediated via recruitment of VS inhibitory
networks that can disengage hippocam-
pal-VS synchrony and permit cortical
control over VS output. Given that PFC
excitatory input to the VS is relatively
functionally weak when compared to in-
puts from the hippocampus, amygdala,
or thalamus (Britt et al., 2012; Stuber
et al., 2011), this would provide a mecha-
nism by which a sparse synaptic input
could control VS circuit output even
when faced with strong excitatory com-
petition from the hippocampus, amyg-
dala, or thalamus. These data may also
explain why PFC inputs to the VS are
less efficacious (compared to hippocam-
pal or amygdala inputs) at producing
reward-related behavioral output (Britt
et al., 2012; Stuber et al., 2011).
While these new data suggest that
distinct excitatory inputs to VS may
differentially regulate circuit output,
many important questions remain to be
answered. For example, it is still unknown
whether distinct excitatory inputs to the
VS functionally innervate and/or show
distinct synaptic transmission properties
onto either direct or indirect MSNs or
particular subclasses of interneurons.
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PreviewsNonetheless, given the importance of
PFC-VS circuits in adaptive andmaladap-
tive behaviors such as compulsive drug
seeking (Kalivas et al., 2005; Pascoli
et al., 2012), a unified understanding of
how VS circuits are engaged by upstream
structures will likely further identify novel
mechanism that act to tune behavioral
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